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chronic diseases, vaccination policies, regulations on work-
place and environmental exposures as well as the empower-
ment of women in their lifestyle choices. A primary preven-
tion plan can identify priority targets, exploit and integrate 
ongoing actions and optimize the use of resources, thus re-
ducing the health burden for the new generation. The EURO-
CAT-EUROPLAN recommendations for the primary preven-
tion of congenital anomalies endorsed in 2013 by the Euro-
pean Union Committee of Experts on Rare Diseases present 
an array of feasible and evidence-based measures from 
which national plans can adopt and implement actions 
based on country priorities. Primary prevention of congeni-
tal anomalies can be achieved here and now and should be 
an integral part of national plans on rare diseases. 

 © 2015 S. Karger AG, Basel 

 Congenital anomalies (CA) are an important cause of 
infant and childhood death, chronic illness and disability 
worldwide. World Health Organization data show that 
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 Abstract 

 Primary prevention of congenital anomalies was identified 
as an important action in the field of rare diseases by the Eu-
ropean Commission in 2008, but it was not included in the 
Council Recommendation on an action in the field of rare 
diseases in 2009. However, primary prevention of congenital 
anomalies is feasible because scientific evidence points to 
several risk factors (e.g., obesity, infectious and toxic agents) 
and protective factors (e.g., folic acid supplementation and 
glycemic control in diabetic women). Evidence-based com-
munity actions targeting fertile women can be envisaged, 
such as risk-benefit evaluation protocols on therapies for 
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CA are a global health issue affecting around 1 in 33 in-
fants and producing an estimated burden of approxi-
mately 3.2 million cases of disability and 270,000 deaths 
during the first 28 days of life every year. In addition, CA-
induced long-term disabilities may have a significant im-
pact on individuals, families, health care systems and so-
ciety  [1] . The risk factors associated with CA often in-
crease the risk of other adverse birth outcomes, such as 
preterm birth and low birth weight and neurodevelop-
mental outcomes, also increasing the short- and long-
term health burden for the new generation  [2] .

  Several environmental and exogenous factors and 
agents are strongly suspected or proven to damage or 
cause the abnormal development of the fetus  [3] . As most 
CA are multifactorial, there is an interaction between risk 
factors and genetics. CA occur more frequently among 
resource-constrained families and in countries where 
mothers may have increased and concurrent exposure to 
a number of relevant factors, such as imbalanced nutri-
tion, poor environment and lifestyle as well as infections 
 [4] .

  Scientific evidence shows that by reducing recognized 
risk factors (or enhancing protective factors) it is possible 
to lower the incidence of CA. Two European projects, 
EUROCAT (European Surveillance of CA; http://www.
eurocat-network.eu/) and EUROPLAN (European Proj-
ect for Rare Diseases National Plans Development; http://
www.europlanproject.eu/), have recently issued a body of 
evidence-based recommendations for CA primary pre-
vention, which was endorsed by the European Union 
Committee of Experts on Rare Diseases in 2013  [5] . These 
recommendations allow primary prevention strategies to 
be developed both for specific target groups (e.g., coun-
selling of fertile women with chronic illness on the risks 
and benefits of medication choices) and broader public 
health targets relevant to prenatal development (e.g., 
community policies promoting healthier dietary patterns 
or reducing active/passive smoking). Each recommenda-
tion implemented can favorably impact a CA or a group 
of CA: an improved folate status can reduce the risk of 
neural tube defects  [6] , whilst the avoidance of tobacco 
smoke and alcohol intake can reduce the risk of orofacial 
clefts and congenital heart disease  [7, 8]  and fetal alcohol 
syndrome  [9] , respectively. However, concerted group 
actions aimed at protecting the conceptus may likely 
achieve an added value higher than the sum of individual, 
isolated and uncoordinated, albeit valuable, measures. It 
should be recognized that public health actions, and es-
pecially primary prevention, currently have to face re-
source restrictions by policy makers; however, an evi-

dence-based primary prevention plan on CA would rely 
on the integration of actions that are already in place in 
most industrialized countries and in several industrializ-
ing countries, and, thus, a primary prevention plan would 
be cost-effective and may indeed spare resources, i.e., by 
optimizing their use. In developing countries with less 
primary prevention in place, a first phase of recognition 
may indicate the priority targets on which to devote the 
limited resources available. Although EUROCAT has 
been awarded funding from 2011 to become a joint action 
between the EU and the member states  [10] , national gov-
ernments or other bodies responsible for funding have 
usually contributed precariously and with short-term 
funding contracts to support the national, regional or lo-
cal CA registries  [11] .

  The availability of CA registries is important to esti-
mate the health burden of CA, identifying possible hot 
spots and assessing the impact of interventions  [12] . Ex-
tending such tools globally on the basis of up-to-date 
quality standards is paramount for robust and sustainable 
primary prevention plans. Policies to minimize the expo-
sures to teratogenic chemicals may impact on the trade of 
products and/or foods, and, thus, such policies would be 
better implemented at a transnational level. The Euro-
pean Union has built two important systems based on the 
risk assessment of foods and chemicals that pivot on the 
European Food Safety Authority (EFSA; http://www.efsa.
europa.eu) and the European Chemical Agency (ECHA; 
http://www.echa.europa.eu/). In the global internet era, 
communities and individuals often actively seek informa-
tion and wish to know about important issues such as the 
health of their children. Indeed, this situation should be 
seen as a potential resource, as the empowerment of 
women can be a critical driving force for primary preven-
tion policies. How to achieve such empowerment is defi-
nitely a challenge for current multicultural societies.

  EU Member States are implementing national plans 
(or strategies) on rare diseases (RD)  [13, 14] , and most 
CA meet the criteria for being considered as an RD  [15] . 
Indeed, CA represent an important fraction of RD and, 
due to the critical role of nongenetic factors in their 
pathogenesis, are the RD group in which primary preven-
tion measures may have a beneficial impact. Primary pre-
vention of CA was identified as an important action in the 
field of RD in the Communication from the Commission 
to the European Parliament, the Council, the European 
Economic and Social Committee and the Committee of 
the Regions of November 11, 2008  [16] ; however, it has 
not been included in the Council Recommendation on an 
action in the field of RD of June 8, 2009  [13] .
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  In the past century, significant progress has been made 
in identifying many modifiable risk or preventive factors 
for birth defects  [17] . Available scientific evidence indi-
cates that acting on identified risk and protective factors 
can achieve a reduction in CA incidence and the related 
health and social burden  [5] . Unfortunately, for most fac-
tors identified, a translation of scientific and epidemio-
logic findings into successful strategies for birth defect 
prevention in the population has not occurred  [16–18] . 
Moreover, it is often insufficiently recognized that be-
tween the scientific evidence concerning a risk factor and 
a successful public health action, another layer of scien-
tific evidence is needed from public health research that 
concerns the evidence base for complex interventions 
and behavior change strategies.   Therefore, primary pre-
vention of CA should be an integral part of national plans 
on RD.

  Instruments, in particular CA registries, should be im-
plemented or put in place to monitor the actual imple-
mentation of planned actions and their efficacy. As ad-
vances in knowledge lead to changes and the develop-
ment of evidence, mechanisms should be envisaged for 
the consistent and timely translation of scientific knowl-
edge into evidence-based actions as well as for identifying 
relevant knowledge gaps. Otherwise, the effectiveness of 
primary prevention efforts may not be fully realized. For 
this purpose, it will be very useful to maximize the public 
health surveillance and related research mechanisms to 
monitor public preconception health. Community health 
data are already used systematically in several European 
states to conduct public health surveillance to evaluate 
and improve health, health programs and health policy 
 [19] . Several public health agencies in Europe conduct 
surveillance and maintain data collection and surveil-
lance systems in the field of maternal and child health 
benefits. It is important to apply public health surveil-
lance strategies to monitor selected preconception health 
indicators (e.g., folic acid supplementation, smoking ces-
sation, alcohol misuse, drug use, obesity and vaccina-
tions) and to develop or modify existing measures to 
monitor evidence-based interventions used in precon-
ception health services  [20] .

  Issues related to multifactorial endocrine-related dis-
orders, food and nutrition provide an example of knowl-
edge requirements and gaps for updating primary pre-
vention policies.

  Rather than focusing on teratogenic risk only, many 
recent papers deal with risk-benefit analyses of interven-
tions for chronic health conditions that can affect a sig-
nificant fraction of fertile women ( table 1 ). Conditions 

such as thyroid diseases  [21, 22]  or type 2 diabetes (T2D) 
 [23–26]  may themselves pose a risk to the conceptus. The 
challenge is therefore to design treatments that are effec-
tive and do not pose an additional, or different, risk to the 
conceptus as compared to the disease itself. For instance, 
as hyperthyroidism has been reported in 3% of pregnant 
women  [27] , a balanced therapy has been proposed with 
propylthiouracil (less damaging to the embryo but induc-
ing long-term liver toxicity) in the first trimester, fol-
lowed by the use of methimazole (which has a higher ter-
atogenic potential but lower maternal toxicity)  [21] . 
However, for chronic conditions, the primary prevention 
of CA and other adverse pregnancy outcomes has to in-
tegrate patient-oriented periconceptional actions with 
actions at the community level involving food, lifestyle 
and health care.

  An adequate dietary intake of iodine (through seafood, 
dairy and eggs), possibly supported by the use of iodized 
salt, is a basic requirement for proper thyroid function, 
which is critical for intrauterine growth and develop-
ment. A high intake of goitrogens (e.g., isoflavones, thio-
cyanates and nitrates from vegetables) or subclinical de-
ficiencies of some nutrients (e.g., selenium) may aggra-
vate the effect of low iodine, especially when there are 
additional needs as in pregnancy  [28] . In particular, the 
intake of selenium has been thought to prevent autoim-
mune hypothyroidism, an important disease in fertile 
women, but this hypothesis is not supported by robust 
evidence  [29] .

  Pregnant women with either type 1 diabetes or with 
T2D essentially show the same risk of CA because mater-
nal hyperglycemia is the key teratogenic factor  [30] . How-
ever, T2D represents the highest public health concern; 
its incidence is rising globally, calling for primary preven-
tion strategies based on awareness raising and lifestyle 
modifications also in emerging economies  [31] . Notwith-
standing its complex pathogenesis and undisputed genet-
ic predisposition, the risk of T2D may be reduced by the 
diffusion of healthier nutritional choices and increased 
physical activity, adjusted to reflect local food availability 
and the individual’s needs  [32] . Basic primary prevention 
is paramount to build up the health of the community as 
well as of the next generations, and, thus, it should start 
with education and empowerment from early childhood. 
Against this background, preconceptional care of the 
many women currently affected by T2D will increase 
their potential for healthy motherhood. The available 
guidelines pivot on the preconception control of blood 
glucose and metabolism as a priority action  [23, 25] . Oth-
er recommendations, though not completely consistent, 
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recommend high-dose folate supplementation (5 mg/
day) as well as empowering the woman by encouraging 
regular exercise, weight management and a diet with high 
levels of complex carbohydrates, soluble fiber and vita-
mins and reduced levels of saturated fats  [23] . Striving to 
reduce blood glucose might increase the risk of serious 
maternal hypoglycemia in the first trimester  [24] ; thus, 
rather than ‘fighting diabetes’, the preconceptional strat-

egy should aim at supporting the woman to maintain her 
health. Noticeably, insufficient data exist on how inter-
conception care may protect maternal and infant health 
in women with a history of gestational diabetes  [26] . An-
other related metabolic condition, obesity, shares many 
features with T2D. The global rise in obesity involves low- 
and middle-income countries  [31, 33] . Obesity has a 
complex pathogenesis involving lifestyle (high-density 

 Table 1.  Description of systematic reviews regarding interventions or recommendations used for women with thyroid disorders and 
diabetes before and/or during pregnancy

Study General topics of the 
review

Objectives of the review Type of studies or 
documents reviewed 

Number of studies 
included in the 
review

Conclusions

Earl et al. 
[21], 2013

Women before or 
during pregnancy with 
hyperthyroidism

To identify interventions used 
in the management of 
hyperthyroidism before or 
during pregnancy and to 
ascertain the impact of these 
interventions on important 
maternal, fetal, neonatal and 
childhood outcomes

Randomized controlled 
trials, quasi-randomized 
controlled trials and 
cluster-randomized 
trials

No trials were 
included in the 
review

No evidence found from 
randomized trials to help 
inform women and their 
doctors about which 
antithyroid drugs are 
most effective, with the 
lowest potential for harm

Reid et al. 
[22], 2013

Pregnant women with a 
diagnosis (either before 
or during pregnancy) 
of hypothyroidism, 
subclinical 
hypothyroidism or 
isolated maternal 
hypothyroxinemia

To identify interventions used 
in the management of 
hypothyroidism and 
subclinical hypothyroidism 
before or during pregnancy 
and to ascertain the impact of 
these interventions on 
important maternal, fetal, 
neonatal and childhood 
outcomes

Randomized controlled 
trials and quasi-
randomized controlled 
trials are included

Four randomized 
studies (involving 
362 women) were 
included  in the 
review

There are currently 
insufficient data in this 
review to support any 
recommendations for 
practice for the treatment 
of clinical and subclinical 
hypothyroidism before 
and during pregnancy

Mahmud 
and Mazza 
[23], 2010
 

National and 
international guidelines 
that are concerned with 
the preconception care 
of women with diabetes 

To compare and contrast the 
quality and content of 
guideline recommendations 
for the preconception care of 
diabetic women

National and 
international English 
language guidelines 
published from 2001 to 
May 2009

Five guidelines were 
included in the 
review

International guidelines 
for the care of women 
with diabetes who are 
contemplating pregnancy 
are consistent in their 
recommendations

Wahabi et 
al. [24], 
2012 

Women of 
reproductive age with 
type 1 or type 2 
pregestational diabetes 
mellitus who were not 
pregnant at the time of 
intervention

To assess the effectiveness and 
safety of prepregnancy care in 
improving the congenital 
malformation and perinatal 
mortality 

Randomized trials 
(including cluster and 
quasi-randomized trials) 
and cohort and case 
control studies are 
included 

A total of 25 reports 
of 21 studies were 
included in the 
review

Prepregnancy care 
reduced the rate of 
congenital malformation 
from 7.4 to 1.9%

Tieu et al. 
[25], 2010 

Women of 
reproductive age with 
pre-existing diabetes 
mellitus (type 1 or type 
2) who are not 
currently pregnant

To assess the effects of 
preconception care in women 
with preexisting diabetes on 
health outcomes for mother 
and baby

Randomized controlled 
trials, quasi-randomized 
controlled trials and 
cluster-randomized 
trials are included

One trial (involving 
53 women) was 
included in the 
review

Little evidence is 
available to recommend 
for or against 
preconception care for 
women with preexisting 
diabetes

Tieu et al. 
[26], 2013 

Women who have been 
diagnosed with 
gestational diabetes 
mellitus in a previous 
pregnancy: type 1 or 
type 2 diabetes

To investigate the effects of 
interconception care for 
women with a history of 
gestational diabetes mellitus 
on maternal and infant health 
outcomes

Randomized controlled 
trials, quasi-randomized 
controlled trials and 
cluster-randomized 
controlled trials  are 
included

No completed 
studies that met the 
inclusion criteria of 
the review were 
found; one ongoing 
clinical trial was 
identified

The role of 
interconception care for 
women with a history of 
gestational diabetes 
mellitus on maternal and 
infant health outcomes 
remains unclear
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caloric diets, low physical activity), genetic predisposition 
and probably also developmental exposures to endocrine 
disrupters  [34] . Maternal obesity   increases the risk of 
pregnancy complications and CA, including neural tube 
defects  [35] . Therefore, primary prevention of obesity-
related birth outcomes should integrate community ac-
tions, including a safer environment, and targeted pre-
conceptional care for women that are obese, both levels 
emphasizing the empowerment to healthier diets and 
reasonable physical activity  [26] . The primary prevention 
of T2D and obesity share many features and should be 
integrated in a concerted and cost-effective public health 
plan for the population as a whole, but with special refer-
ence to pregnancy  [31] .

  The CA risk associated with endocrine-metabolic dis-
orders also point out the central role of nutrition. A recent 
US study pointed out that rather than taking supple-
ments, a prudent overall dietary pattern may reduce the 
risk of neural tube and congenital heart defects  [36] . It is 
well established that within an adequate diet, a well-bal-
anced intake of specific nutrients (e.g., zinc and vitamin 
A) is critical for the prevention of CA; also, whereas a 
folate-rich diet and periconceptional supplementation 
with folic acid are effective beyond doubt in reducing the 
prevalence of neural tube defects, attention should also be 
given to the status of vitamins B 12  and B 6 , since they are 
needed for proper folate metabolism  [5] . Considering the 
global problem of an inadequate or unbalanced intake of 
micronutrients, it is plausible that multiple micronutrient 
supplementation would represent a major tool in the pre-
vention of CA. Moreover, the composition of multiple 
supplements should be carefully worked out, considering 
the too often overlooked toxicity of nutrients: high doses 
may be harmful or, as in the case of many trace elements, 
may impair the bioavailability of other nutrients  [37] . Ad-
ditional scientific evidence could also refine and improve 
the undisputed effectiveness of folic acid supplementa-
tion. Issues for research include the characterization of 
effects on CA other than neural tube defects  [38, 39] , the 
5-methyl-tetrahydrofolate as possible alternative to folic 
acid  [40]  and the mechanisms (immune factors, inositol 
metabolism) and risk factors of the neural tube defects 
that are resistant to folic acid supplementation  [41, 42] . 
Most importantly, folic acid is also an issue for public 
health research, e.g., strategies to promote a community 
awareness on periconceptional supplementation  [43]  and 
a robust and consistent definition of recommended in-
take levels for folates  [44] . The issue of flour fortification 
with folic acid is an instructive example of protracted 
public health debate  [45] . Although implemented in 

North America, some South American countries and 
Australia, it is yet to be implemented in Europe. Against 
the certain benefits in the prevention of neural tube de-
fects and probably other CA, particularly among women 
who are at high risk due to a poor diet or a lack of preg-
nancy planning, are the possible resistance of the public 
to universal additives, problems in trading flour-based 
products across countries with different policies and di-
ets, and uncertainties about cancer promotion or epigen-
etic effects  [6] . Ultimately, it is a matter of public prefer-
ence how to weigh CA prevention against such uncertain-
ties, and a consultation mechanism is needed.

  The role of diet and nutrients in CA prevention is an 
evolving field. Interest is increasing in the effects of a low 
vitamin D status, which is a possible risk factor for some 
adverse pregnancy events, including gestational diabetes 
which is a recognized CA risk factor. However, the avail-
able evidence is not yet robust enough to design specific 
preventive actions  [46, 47] .

  As for food contaminants, it is still difficult to assess 
the specific role of toxic agents in human CA, with avail-
able studies suffering from shortcomings in the measure-
ment of actual exposure. For example, a recent case-con-
trol study found no significant association between CA 
and maternal dietary intake of nitrates, nitrites and nitro-
samines; however, the study was limited to live births, 
and, mainly, the intake was estimated by a food frequen-
cy questionnaire. Moreover, no attempt was made to as-
sess a possible combined effect of the chemicals  [48] . In-
deed, the problem of exposure assessment is highly rele-
vant to environmental risk factors in general. For instance, 
there is ever-growing experimental evidence on the de-
velopmental effects of chemicals such as endocrine dis-
rupters, which are suspected of increasing the risk of hy-
pospadias  [49] . The available epidemiological studies on 
actual environmental scenarios (e.g., water disinfection 
by-products, air pollution) only indicate possible correla-
tions with CA due to limitations and inconsistencies in 
the study design  [50] , whilst growing attention toward 
the effects on the next generation is leading to more con-
servative assessments of toxicants in food and in the en-
vironment. For instance, the EFSA has recently tackled 
the issue of a better protection of the developing nervous 
system by proposing lower and more conservative refer-
ence intakes for methylmercury  [51]  and neonicotinoid 
pesticides  [52] . These assessments point out a critical and 
emerging aspect beyond CA: the long-term sequelae of 
insults that do not elicit morphological disruptions but 
interfere with the developmental programming and/or 
with the organism’s ability to cope with stressors in post-
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natal life  [53] . The risk assessments of lead  [54]    and meth-
ylmercury  [51]  in human diet based mainly on the impact 
of prenatal exposure on postnal cognitive and behavioral 
development is an example. Another issue of the major 
public health impact is prenatal stress, leading to a low 
birth weight with an increased risk of metabolic syn-
dromes, an unwanted consequence of a developmental 
adaptive response  [55] . In the field of toxicology, the tes-
ticular dysgenesis syndrome is characterized by male in-
fertility and testicular cancer in adult life as well as by an 
increased risk of CA of the lower urinary tract and genital 
tract such as hypospadias and cryptorchidism. Increasing 
evidence points to a relationship of exposure during tes-
ticular organogenesis to toxicants associated with lifestyle 
(e.g., maternal smoking) or the environment (endocrine 
disrupting chemicals)  [56] . The impact on developmental 
programming opens a wide area of research on the mod-
ulation of the epigenome, the mechanism underlying de-
velopmental plasticity caused by the gene-environment 
interface  [53] . Whereas the issue of developmental pro-
gramming is still largely a research topic, it is critical to 
use the available scientific evidence on delayed develop-
mental adverse (or protective) effects in order to effec-
tively support the next generation’s health  [51, 54] . It is 
important that in all policies with potential health impact, 
we specifically consider the possible enhanced sensitivity 
and vulnerability of the fetus. Moreover, targeting only 
pregnant women for protection can never be more than 
a partial answer, since organogenesis occurs very early in 
pregnancy, before many women know they are pregnant.

  Our general considerations and selected examples 
point out the need to integrate primary prevention of CA 
in national plans on RD and in national public health rec-
ommendations in general. The EUROCAT-EUROPLAN 
recommendations present an array of feasible and evi-
dence-based measures from which national plans can 

adopt and implement part of or all the actions considered 
by the recommendations based on individual country 
priorities  [5] . Primary prevention of CA is feasible be-
cause many risk factors are recognized and can be tar-
geted by well-identified community actions, such as the 
counselling of fertile women with chronic disease regard-
ing medication choices, evidence-based vaccination poli-
cies and regulations on occupational exposures of either 
pregnant women and women of childbearing age in the 
workplace as well as through individual information and 
empowerment: taking periconceptional folic acid supple-
ments at the right time and in the right dose, avoiding 
over- or underweight, and promoting alcohol avoidance 
in women who are pregnant or could become pregnant. 
The results of scientific research, identifying new risk fac-
tors and/or new aspects of recognized risk factors can de-
velop and strengthen these actions.

  Finally, primary prevention of CA is something that 
can be achieved here and now. Previously, cardiovascular 
disease and cancer were considered tragic acts of fate, but 
we now see them as preventable: this same change in the 
public health attitude is needed for CA. An integrated and 
coordinated primary prevention plan can identify prior-
ity targets and optimize the use of current and future re-
sources reducing the short- and long-term health burden 
for the new generation.
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